A literature review of the effects of long-term freezer storage on concentrations of antioxidant micronutrients in serum or plasma showed that a high proportion of the studies that compared the concentrations of retinol, p-carotene, or a-tocopherol in fresh and stored serum were deficient because of small numbers of observations, imprecise descriptions of procedures, and short periods of storage. Data from nested case-control studies of the associations of these micronutrients with cancer are confounded by differences in the study populations. Nevertheless, the overall impression is strong that retinol is stable at storage temperatures as warm as -20 #{176}C for at least 15 years, that moderate losses of a-tocopherol occur at temperatures above -40 0C during that period, and that only a small proportion of p-carotene persists at storage temperatures above -40 #{176}C. At -70 #{176}C or colder, all three micronutrients appear to be stable for at least 15 years. periods. An important concern is the possibility that long-term freezer storage may reduce micronutrient concentrations to such low levels that they cannot be assayed or that differences between cases and controls will become so small as to be unreliable. Until definitive studiesare done, a review of the literature relevant to long-term storage effects will give an indication of the effects of storage duration and temperature on retinol, p-carotene, and a-tocopherol, three micronutrients commonly studied in this context. We identified a total of 10 reports that reported assays of fresh serum and of serum that had been stored for at least 6 weeks (1-10). Only five specified that they dealt with five or more serum specimens. One of these reported the data only as scatter plots and regression coefficients between the initial and later assays (8).
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The rapidly growing interest in the relationships between antioxidant micronutrients and chronic diseases has resultedin many studiesthat rely on assays of serum or plasma samples that have been stored for long
periods. An important concern is the possibility that long-term freezer storage may reduce micronutrient concentrations to such low levels that they cannot be assayed or that differences between cases and controls will become so small as to be unreliable. Until definitive studiesare done, a review of the literature relevant to long-term storage effects will give an indication of the effects of storage duration and temperature on retinol, p-carotene, and a-tocopherol, three micronutrients commonly studied in this context. We identified a total of 10 reports that reported assays of fresh serum and of serum that had been stored for at least 6 weeks (1-10). Only five specified that they dealt with five or more serum specimens. One of these reported the data only as scatter plots and regression coefficients between the initial and later assays (8).
Materials and Methods
We also reviewed 26 published reports of serum concentrations of retinol, p-carotene, or a-tocopherol . In addition, we include the results of 663 assays performed in our laboratory, some of which had not been published at the time this review was being prepared. Seven published studies reported assays on serum that had not been Most of the studies that used plasma relied on heparin to prevent clotting; only three specified that EDTA was added (1, 14, 17). The storage tubes were purged with nitrogen in two studies (7, 10), but without demonstrable effect (10). Sodium ascorbate was added to plasma in two studies (10, 18). Again, the concentrations of retinol, p-carotene, and a-tocopherol in stored plasma were not changed by this addition in the one study designed to assess its effect (10).
Results
Of the 10 studies in which the same serum was assayed both at the start of the storage period and again after storage lasting 6 weeks or more, only three were based on 10 or more specimens and provided data that could be incorporated into the summary in Table 1 (1,4, 5). There was little loss of retinol in serum stored at -20#{176}C for as long as 8 years (5). No change in the average a-tocopherol concentration was noted after 6 weeks of storage at -20#{176}C (1).
In four other studies, the results were reported in a variety of ways. The results of assays of serum retinol (from an unstated number of laboratory staff members) that had been stored at -20 #{176}C were summarized Sera from an unstated number of young men who had participated in a study of p-carotene and sunburn had been stored at -20 #{176}C for -10 years (9). The authors concluded, "Most of the carotenoids were lost. . . . Storage for even six months at -20#{176}C may decrease carotenoid content by 15%." Retinol, seven carotenoids, and a-tocopherol were assayedat baseline and at nine subsequent periods after as long as 850 days of storage at -70 #{176}C (10) . There were four specimens at most assay periods but a few had two or eight samples. During (25) 98 (34, 35) 6.0 (26, 27) 8.7 (28) 6.9 (25) 9.0 (32) (33) (34) (35) tore and duration. Sera from the group stored at -40 to -23 #{176}C were stored at the warmer temperature for 9 to 16 years, and then at -40 #{176}C for six more years (25). In Table 2 , the mean values have been weighted by the size of the control populations. The values for fresh serum (0 years of storage) are affected by two populations with unusually high values: The Swiss employee group had retinol and a-tocopherol concentrations higher than those found in most populations (12) , and the health professionals in illinois had remarkably high concentrations of p-carotene (14). Omitting these values from the weighted means reduces the values in Table 2 as follows: retinol from 780 to 634 .tg(L, p-carotene from  248 to 230 gfL, and a-tocopherol from 13.2 to 10.2 mgfL.
Retinol appears to be relatively stable. There is no indication of any important change in its concentration with increasing duration or increasing temperature of storage. In contrast, major losses of p-carotene appear to occur with long-term storage at temperatures above -40 #{176}C. The stability of a-tocopherol seems to be intermediate, with a suggestion of some loss at higher temperatures.
By far the largest study related to loss of p-carotene during storage is that by Smith and Wailer (36) . Serum was collected from 2073 persons. Specimens were frozen at -20 #{176}C and analyzed for a-carotene after storage ranging from 1 month to 2.75 years. For the first 6 months, there was no detectable loss. By 9 months, -30% had been lost; this was followed by a subsequent slow decline in serum p-carotene concentrations of -50 zgfL per year.
Discussion
To ascertain with some degree of certainty the effects of storage on antioxidant micronutrients in serum, it is desirable to assay the aliquots of the same serum initially and after storage for several periods, and to have enough of these comparisons to yield statistical precision. This procedure would eliminate the effects of interpersonal differences on serum concentrations, and having a reasonable number of assays at different storage periods would minimize the effects of random laboratory variation on the trend of losses with time. The possibility of systematic variation would persist but this can be controlled by the proper use of standard preparations.
None of the studies that compared fresh and stored serum from the same individuals met these desiderata. All too often the numbers were small or unstated,or the duration of storage was either short or imprecisely recorded. Nevertheless, these reports collectively indicate that retinol is stable at -20 #{176}C for at least Because sera from the same cohort were examined at different and specified times, the study by Smith and Wailer (36) fits between the two types of studies considered in this review. Although they presented no baseline values with which to compare the stored values, there is no indication that the persons whose sera were examined shortly after being stored differed in any relevant respect from those whose sera were examined later. Comparisons of the concentrations measured at different periods within this study seem entirely reasonable, lending strength to the conclusion that in assaying p-carotene, and possibly other carotenoids as well, storing serum at -20 #{176}C for more than 6 months is unwise.
Extrapolating
the observed rate of loss beyond the observation period of 3 years further suggests that p-carotene concentrationsafter 15 years will be very low, a conclusion in keeping with the findings of others (9, 34, 35).
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